Comparative aspects of renal urate transport  by Dantzler, William H.
Kidney International, Vol. 49 (1996), PP. 1549—1551
Comparative aspects of renal urate transport
WILLIAM H. DANTZLER
Department of Physiology, College of Medicine, University of Arizona, Tucson, Arizona, USA
Comparative aspects of renal urate transport. Urate is the major
excretory end product of nitrogen metabolism in birds, most reptiles, and
some amphibians and undergoes net secretion by the renal tubules.
Secretion has been studied in isolated renal proximal tubules from reptiles
and birds. Net secretion is influenced by passive backflux between the
tubule cells that varies with perfusion rate. Transepithelial transport from
bath to lumen involves uptake into the cells against an electrochemical
gradient at the basolateral membrane and movement from the cells to the
lumen down an electrochemical gradient. However, the apparent perme-
ability of the basolateral membrane to urate is much higher than that of
the luminal membrane. Transport into the cells at the basolateral mem-
brane is dependent, in part, on the presence of filtrate (or an appropriate
substitute) in the lumen. Because reptilian and avian nephrons filter
intermittently, passive back-diffusion between the cells, high permeability
of the basolateral membrane, and dependence of basolateral transport on
luminal perfusion may prevent accumulation of urate in the cells or
lumens of nonfiltering nephrons. In reptiles, basolateral transport is
Na-independent but K-dependent and may involve countertransport for
some unknown anion. In birds, this transport step, which is Na- and
K-dependent, may occur by two separate systems, one involving counter-
transport for an unknown anion and the other involving the general
tertiary transport process for other organic anions such as PAH. It has not
yet been possible to demonstrate that transport from the cells to the lumen
down an eleetrochemical gradient is carrier-mediated in either reptiles or
birds and some other process may be involved.
Urates form the major excretory end product of nitrogen
metabolism in the urine of birds; all reptiles except chelonians
from aquatic, semi-aquatic, and mesic habitats; and a few amphib-
ians [1]. Such urinary excretion of urate not only permits the
removal of excess nitrogen from the body with relatively little
water, but may also play a role in inorganic cation excretion and
in acid-base balance [1, 21. Although urates are freely filtered by
the glomeruli of all uricotelic birds, reptiles, and amphibians
studied, most urate excretion occurs via net tubular secretion [1].
The molecular mechanisms involved in urate secretion are not yet
known, but we have been able to describe some aspects of urate
movement across the whole epithelium and the individual cell
membranes of renal tubules in reptiles and birds. In this brief
discussion, I shall concentrate only on these aspects of the tubular
transport processes for urate and emphasize the possible signifi-
cance for other aspects of renal function.
Almost all information on transport comes from studies with
isolated, perfused renal tubules of garter snakes (Thamnophis
spp.) and chickens (Gallus gallus domesticus). In garter snakes, all
nephrons are similar in type, and perfusions have been made with
all segments. In chickens, nephrons vary from small, superficial
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reptilian types without ioops of Henle emptying at right angles
into collecting ducts to large, deep mammalian types with loops of
Henle parallel to collecting ducts. There is a gradation from the
smallest, most superficial loopless nephrons to the largest, deepest
looped nephrons. Only proximal tubules from transitional
nephrons have yet been perfused.
Transepithelial transport
In snake nephrons, net secretion occurs equally throughout the
proximal tubule [3], but not in the distal tubule [4]. In chicken
nephrons, net secretion occurs throughout the proximal tubules,
but distal tubules have not been examined directly [5]. Although
there is no evidence of net reabsorption, a substantial passive
reabsorptive flux occurs in both snake and chicken proximal
tubules [3, 5]. In snake tubules, the apparent permeability of the
entire epithelium calculated from measurements of the passive
reabsorptive flux (about 2.4 x 10 cm second) is about four
times the value (about 0.6 X 10 cm second') calculated from
the independently measured peritubular and luminal membrane
permeabilities (Fig. 1), thereby suggesting that most of this
reabsorptive flux moves between the cells (Fig. 1) [3, 4]. In chicken
tubules, measurements of the intracellular concentration of urate
during the passive reabsorptive flux revealed absolutely no accu-
mulation in the cells, indicating that in these tubules also the
reabsorptive flux moves between the cells (Fig. 2) [5]. In snake
tubules, the reabsorptive flux varies inversely with perfusion rate,
a finding that is reflected in the corresponding observation that
net secretion varies directly with perfusion rate [3]. It appears
likely that this is also the case in chicken tubules.
In snake tubules, the net transepithelial secretory flux saturates,
yielding an apparent K of about 150 /.LM [6]. This value is well
below the normal plasma urate concentration of 400 to 500 /kM in
these snakes. This observation suggests that the tubular secretory
mechanism in snakes is normally saturated (or nearly saturated)
and that changes in the plasma urate concentration have little
effect on net secretion. Instead, changes in the rate of flow of
filtrate through the lumen of the proximal tubule and, thus,
changes in the passive reabsorptive flux may be particularly
important in determining net secretion and the final urinary
excretion [2]. It appears likely that this is the case in chicken
tubules also.
Transport at the basolateral and luminal membranes
During secretory transport in isolated perfused tubules, the
concentration of urate in the cells of both snake and chicken
proximal tubules is greater than that in the bath or the lumen [3,
5], Because the inside of the cells is negative compared to the bath
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Fig. 1. Model of net transepithelial orate transport in reptilian (snake)
proximal tubules. Solid circle with solid arrow indicates either primary or
secondary active transport. Broken arrows indicate transport down dee-
trochemical gradient. For countertransport, solid arrow indicates move-
ment against electrochemical gradient and broken arrow, movement down
electrochemical gradient. Broken arrows with question marks indicate
possible passive movements. A indicates anion of unspecified nature.
Apparent permeabilities of luminal (PL) and peritubular membranes (Pr)
are shown. Figure has been redrawn with modifications from reference 2.
or lumen (-60 mV in snake tubules) [7], urate is an anion at
physiological pH, and there is no evidence of intracellular binding
of urate, these concentrations indicate that urate is transported
into the cells against a concentration gradient at the basolateral
membrane and then moves into the tubule lumen down an
electrochemical gradient (Figs. 1 and 2). However, in snake
tubules, the apparent permeability of the basolateral membrane
to urate is about four times that of the luminal membrane (Fig. 1),
a seemingly inefficient system if urate transported into the cells at
the basolateral side is to move readily into the lumen and not back
into the bath [3, 4]. Nevertheless, net secretion does occur.
Moreover, the high permeability of the basolateral membrane to
urate may partially account for the inability of nonperfused
tubules to maintain as high an intracellular concentration of urate
as perfused tubules. In perfused tubules from both snake and
chicken kidneys, the steady-state intracellular concentration of
urate is about three times that in nonperfused tubules with the
same urate concentration in the bathing medium (Table 1) [3, 5].
The apparent dependence of urate transport into the cells
across the basolateral membrane on the presence of filtrate (or an
appropriate substitute) in the lumen, the relatively high apparent
permeability of the basolateral membrane to urate, and the
apparent large passive reabsorptive flux between the cells may be
of great physiological significance in both reptiles and birds. All
nephrons in reptiles and the reptilian-type (or transitional
nephrons) in birds filter intermittently [1]. These three character-
istics of tubular urate transport may help prevent the accumula-
tion of poorly soluble urates in the cells or lumens of nonfiltering
nephrons.
Transport process at basolateral membrane
The mechanism by which urate is transported into the cells
against an electrochemical gradient at the basolateral membrane
is poorly understood in both reptiles and birds (Figs. I and 2). In
reptiles, this transport step is quite separate from the general one
for other organic anions (such as para-aminohippurate, PAH).
Urate
Fig. 2. Model of net transepithelial urate transport in avian (chicken)
proximal tubules, indicating both independent transport and transport via the
tertiary active transport process for PAH. The independent process may
involve countertransport for some unknown anion. The PAH transport
system, which may be shared by urate, involves countertransport of PAH
(or urate) for aKG that is produced by intracellular metabolism or that
has entered the cells via the Na-dicarboxylate cotransport system. Symbols
denoting these processes have same meanings as in Figure 1.
Species
Cell/bath ratio
Perfused tubules Nonperfused tubules
Snakes
Thamnophis spp.
Chickens
Gallus gallus domesticus
6.09 1.18 (9)
6.79 1.06 (5)
1.94 0.23 (10)
2.38 0.18 (5)
The anatomical locations of the transport systems differ in snake
tubules. Net secretion of urate occurs throughout the proximal
tubule, whereas net PAH secretion occurs only in the distal
portion [3, 8]. High concentrations of PAH in the medium bathing
isolated tubules do not inhibit the basolateral urate transport step
and high concentrations urate do not inhibit the basolateral PAH
transport step [11. In addition, the basolateral transport step for
urate in snake renal tubules, unlike that for PAH, does not
depend, either directly or indirectly, on the presence of sodium in
the bathing medium, although it does depend on the presence of
potassium [9]. The transport of urate into the cells against an
-60 mV-0.5 mV
A?
OmV
Urate
Lumen Bath
—2 mV
10-s A or PAH
Table 1. Urate steady-state cell/bath concentration ratios
Values are means SE. Numbers in parentheses indicate number of
tubules (one tubule per experiment). Data for snakes are taken from
reference 3; data for chickens are taken from reference 5.
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electrochemical gradient at the basolateral membrane is revers-
ibly inhibited by the removal of potassium from the bath [9]. The
mechanism involved in this potassium effect is unknown.
This basolateral transport step in snake tubules is reversibly
inhibited by the disulfonic stilbene (SITS) [10], suggesting that it
involves anion countertransport (Fig. 1). However, the anion for
which such countertransport could occur is not known. The
complete lack of dependence of urate transport on sodium
suggests that the anion could not be a dicarboxylate, such as
a-ketoglutarate (aKG), which is countertransported for PAl-I
after entering the cells via the sodium-dicarboxylate cotransporter
[11]. Moreover, in preliminary studies, preloading of snake tu-
bules with numerous mono-, di- and tricarboxylates did not
stimulate urate uptake the way aKO preloading stimulates PAH
uptake [11] (Y.K. Kim and W.H. Dantzler, unpublished observa-
tions). On the other hand, the partial dependence of basolateral
transport on the presence of perfusate in the lumen may reflect
the transport of a substrate into the cells across the luminal
membrane that could be countertransported for urate across the
basolateral membrane. Nevertheless, at present the mechanism
involved in urate transport against an electrochemical gradient at
the basolateral membrane in reptilian tubules remains completely
unresolved (Fig. 1).
In avian tubules, basolateral urate transport into the cells
against an electrochemical gradient may involve two systems, one
of which is the general organic anion (PAH) transport system
(Fig. 2). Basolateral urate transport in chicken tubules can be
inhibited by high concentrations of PAH in the bathing medium
and by the removal of either sodium or potassium from the
bathing medium [1, 5, 12]. Moreover, preloading chicken tubules
with aKG stimulates urate uptake in some, but not all, tubules
studied and PAH uptake in all tubules studied [5]. Because of the
difficulties of isolating and perfusing avian proximal tubules, we
have not yet differentiated between early and late segments of the
proximal tubules in examining urate and PAH transport. It is
possible that the tubule segments in which PAH inhibited urate
transport and in which aKG preloading stimulated PAH transport
were all from the same portion of the proximal tubule, whereas
the segments in which aKG preloading had a variable effect on
urate uptake were from two different portions of the proximal
tubule. Thus urate transport at the basolateral membrane may
involve both the PAH transport system and a separate one for
urate alone. Again, as in the case of snake renal tubules, the
partial dependence of basolateral urate transport on the presence
of perfusate in the lumen may reflect the need of the independent
basolateral urate transport system for a substrate transported into
the cells across the luminal membrane. These questions remain to
be explored.
Transport process at luminal membrane
Although movement of urate from the cells into the lumen
during the secretory process is clearly down an electrochemical
gradient in both reptilian and avian proximal tubules, even less is
known about it than about the basolateral transport process (Figs.
1 and 2). It has yet to be studied in avian tubules, In reptilian renal
tubules, studies have provided no evidence that the transport step
is mediated in any way. Neither SITS, probenecid, nor unlabeled
urate in the lumen of isolated perfused snake proximal tubules has
any effect on urate movement into the lumen across this mem-
brane [10, 13]. Moreover, studies with brush border membrane
vesicles from these same tubules also provided no evidence of
mediated urate transport [14]. Although all these data and the
relatively low apparent permeability of this membrane to urate
are compatible with completely passive diffusion of urate, they do
not prove it. Moreover, in view of the normally rather large flux
across this membrane during net secretion, passive diffusion
appears quite unlikely and the process deserves further study. In
view of recent studies suggesting that fluorescein can be seques-
tered in vesicles during the transepithelial transport process in
teleost renal tubules [15], perhaps urate too is sequestered in
vesicles during this process and enters the lumen by some form of
exocytosis. Clearly, a great deal remains to be learned about urate
transport at both the basolateral and luminal membranes of the
nephrons of nonmammalian vertebrates.
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